At present, response surface methodology (RSM) is the most preferred method for fermentation media optimization. However, in the last two decades, artificial intelligence algorithm has become one of the most efficient methods for empirical modelling and optimization. One of the popular developed approaches is Particle Swarm Optimization (PSO), which is used in optimizing a problem. This paper focuses on comparative studies between RSM and PSO in fermentation media optimization for the production of flexirubin production using Chryseobacterium artocarpi CECT 8497 T . Two methodologies were compared for in terms of their modeling, sensitivity analysis, and optimization abilities. All experiments were performed accordingly to box-behnken design (BBD), and the generated data was analyzed using RSM and PSO. The sensitivity analysis performed by both methods has given comparative results. Based on the correlation coefficient, the model developed with PSO was found to be superior to the model developed with RSM. The result shows that PSO gives a better pigmentation yield with optimal fermentation concentration.
INTRODUCTION
Nowadays, synthetic pigment has been banned, or is being banned as it poses a hazard to human health and the environment [1] . Due to the toxicological problem of synthetic pigment, the demand for natural pigment has increased. This has resulted in the scientific community's increased interest towards natural colours [2, 3] . However, producing quality natural pigments is hampered by the high cost of the pigment growth medium. Therefore, various studies have been done to explore other medium, which are cheaper such as agricultural materials. Furthermore, the use of these residues is ecologically safe, minimizes hazardous chemicals, and also helps to reduce its environmental impact.
Among the natural sources, microbes are gaining increased attention due to their broad ranging activities: short life cycle, highly versatile, faster fermentation, simple propagation techniques, easy downstream processing and structural complexity, which make them suitable for industrial needs [4] . In this study, a bacteria strain called Chryseobacterium artocarpi collected from agricultural waste residue has been used to produce a bacteria pigment called flexirubin. This study focuses on finding the optimal concentration of growth medium for flexirubin production.
The development of proper fermentation media is a necessary and important step in efficient utilization fermentation technology [5] . The pigment productions of the bacteria are strongly influenced by their medium composition. Therefore, it needs suitable medium growth for optimum production of pigmentation. The use of different growth media directly affects the growth and production of the pigments.
However, the fermentation processes have multivariables factors and optimization of these medium components is a crucial task. In many reports, the limits of the classical method, which is one factor at a time (OFAT), have been discussed. Due to the complex interaction among the variable factors, these conventional methods (OFAT) are time consuming, and often incapable of reaching the true optimum [35] . To overcome this inability, two alternative approaches are commonly employed for media optimization: (1) statistical technique and (2) artificial intelligence (AI) technique.
In statistical based technique, response surface methodology (RSM) has been used extensively in fermentation media optimization [40] . RSM is based on design of experiments (DOE) for the development of models, estimation of the model coefficient, and the prediction of response for optimum conditions [36, 37] . RSM estimates the relationship between the variable parameters (medium components), and response (product yield), where it adjusts the concentration of multi-variables to achieve the optimum concentration of the response (flexirubin production). However, RSM has some limitations. In the case of a large number of variables, the interaction between the factor variables and the response will increase the complexity of the study, and the feasibility of the method will be challenged [38] . In addition, the RSM fails to precisely describe an objective function [35, 39] .
Due to the drawbacks of RSM, various optimization algorithms have been presented over the past few decades, and have continually improved in efficiency [6] . One of the optimization algorithms is Particle Swarm Optimization, where PSO has many advantages over other optimization such as generally easy to program. PSO also offers a more attractive choice to optimize non-linear and noncontinuous problems with multi-variables [7, 8] . Particle swarm optimization (PSO) was introduced by Kennedy and Eberhart [9, 10, 11] , involved simulating behaviours such as bird flocking to find the most optimal results. PSO has been applied in numerous optimization and search problems, and it can be verified in many literature such as in task scheduling [12, 13] , medical [14, 15] , oil and gas [16, 17] , batik production [18] , and others. PSO also has been successfully implemented in modelling a large number of biochemical processes because it uses fewer control parameters, its ease of implementation, and ability to solve highly optimization problems [19, 20] .
Due to the robustness, higher convergence rates in lesser computational time and flexibility of PSO approaches in optimizing complex problems, this study was intended to evaluate the computational effectiveness of PSO for the optimization of flexirubin production. The predictive ability of the statistical approach (RSM) and PSO were compared using dataset of 17 experiments.
The predictive optimization abilities and sensitivity analysis of PSO were used to validate the results, and the authenticity was proven by the wet laboratory experiments.
The experimental findings revealed that using PSO based approach achieved high accuracy and correlation, which indicate that the results performed practically well. The findings should make an important contribution to the field of pigment production.
METHODOLOGY

Experimental Setup and Design
This study highlights the production of pigment (flexirubin) by bacteria strain Chryseobacterium artocarpi in agricultural waste material. Bacterial strain Chryseobacterium artocarpi CECT 8497 T (=KCTC 32509 T ) used in the present study was isolated from an orchard at Universiti Teknologi Malaysia (UTM), Skudai, Malaysia [21] . This strain produces yellowish-orange pigment, and it has been characterized and identified as flexirubin [21] . C. artocarpi CECT 8497 T was cultivated in 100 mL Erlenmeyer flask containing 20 mL of nutrient broth (NB), and incubated at 30 o C. The flask was incubated at 30 o C with a shaking speed of 200 rpm for 24 hours. The remaining sample was extracted and quantified for pigment yield as described by Venil et al. [21] .
The experimental design for each independent variable is given in Table 1 . Box-Behnken Design (BBD) was used to optimize response of the independent variables on flexirubin production (response). The coded values of each independent variable are given in Table 1 . Three independent variables, Lactose Table 2 .
Table 1 Independent variables and experimental design levels
Independent variables
Symbol
Actual levels of code factors
KH2PO4 (ppm)
3 X 300 700 1000 Figure 1 shows a schematic representation of this study. The objective of using particle swarm optimization is to determine the optimal concentration of medium parameters. 
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Response Surface Methodology
RSM which includes factorial design and regression analysis is a statistical method for designing experiments, building models, evaluating the effect of factors, and searching for optimum conditions of factors for desirable response [9] . RSM surface model are multi-variables models, used to determine a set of variables that optimize a response (flexirubin production in this study).
Three medium variables which are x were selected to generate the model for flexirubin optimization. BBD was used to study the interaction effect between the independent variables, and optimize the medium of the flexirubin production. A three-level-factor BBD was employed to generate 17 experiment runs by considering three independent values, Lactose, L-tryptophan, and ) in a second-order polynomial model was developed accordingly as given in Equation (8). (8) where Y is the predicted response, are the regression coefficient for the intercept, linear, quadratic and interaction effect, respectively, By transferring the coefficient value of independent variable (see Table 3 ) into Equation (8), the final equation based on a second order polynomial with the optimized coefficient is given in Equation (9): 
where y is yield (flexirubin production), Significance was determined by examining the Pvalue, the smaller the P-value, the more significant the corresponding coefficient. Model P-value less than 0.05 shows that the model was significant to navigate the experimental data. Among the test variables used in the study, The fit model was also expressed with the correlation coefficient 2 R , which was used as a tool to check the model, and was considered to be a perfect fit when the value was near to unity. As shown in Figure 2 
Particle Swarm Optimization
Particle Swarm Optimization (PSO) heuristic, as proposed by Eberhart and Kenedy, has been popular since 1995 [10, 34] . It was inspired by nature, the flocking and swarm behaviour of birds, and also insects. Swarm intelligence algorithms are capable of handling local optima problems encountered in traditional gradient-based optimization technique (such as RSM), and are considered as one of the major enumerative techniques in operation search [22] . Their simplicity, robustness, and higher convergence rates in lesser computational time account for their popularity in solving complex, nonlinear problems [23, 24] . These algorithms differ from traditional, and gradient-based approaches in searching a population of points in parallel and not just a single point, and utilization of probabilistic transition rules instead of deterministic ones [24] . In this context, swarm intelligence-based PSO approach has been used to optimize the response of variables on flexirubin production.
During optimization, the process of PSO occurred when members of the population are flown according to their flying experience, or other experiences. PSO has a population called swarms, and potential solution called particles. This particle is modified (velocity and position) at each iteration of the algorithm. The velocity and position were represented as
The next velocity and position of i-the particle were updated using Equations (3) and (4) ) ( ) ( In the context of this study, each particle is a potential solution and it moves in some direction with velocity, where the initial positions and velocities were randomly generated. Velocity was determined by a combination of the individual particle's best solution, the global swarm's best solution, and an inertia weight. Velocity of the particles was determined using Equation (3) . Next, the positions of the particles in the solution space were obtained using Equation (4), and new feasible solutions were created. These particles continued flying until the termination criteria were met. In this approach, each particle represented a candidate solution ( , , X and X X ) to a given problem (in this case to optimize the response of variables on flexirubin production). In PSO, the cognitive and social terms move a particle towards the best solutions based on the particle experience, and the best solution found by the swarm in the search space [25] .
PSO have particles that move through the problem space by following the current optimum particles. It has a memory influence that is important to the algorithm, and only the best particle gives out information to others. The best particles and current positions allowed greater diversity and exploration over a single population (Pbest), while the momentum effect on particle movement allowed faster convergence, and more diversity in search space exploration. Although PSO particles moved randomly, which means that the variables can go outside their upper or lower limit, min X and max X , they were artificially brought back to their nearest side constraint, and it is believed to avoid velocity explosion [9, 26] . In PSO, if the velocity becomes too high, the particles become uncontrolled and exceed search space.
Therefore, velocities are bound to maximum value,
Therefore, the value for
where, max X and min X are the maximum and minimum values of the particles. The variables boundary for flexirubin production for this study is shown in Table 1 . Figure 3 shows a graphical representation of particle movement. Figure 4 shows a schematic diagram of the particle swarm algorithm implementation in flexirubin production. The left side of Figure 4 shows the pigment production step starting from bacterial culture until the end of flexirubin production, and PSO algorithm is shown on the right side of Figure 4 . The most crucial part of pigment production was the fermentation process. During fermentation, the bacteria need suitable medium growth for optimum production of pigmentation. Therefore, in this process PSO was implemented to optimize the multi-variable growth medium. This study focused on three types of growth medium (nutrient broth) which are Lactose (
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respectively. This process is shown in Figure 4 . In PSO, the parameters such as the number of particles, number of generations, inertia weight, the cognitive and social components r , play an important role in the performance of PSO [27, 28] , and is also crucial to the ability of convergence. The smaller value of w facilitates a local exploitation, whereas a larger value encourages global exploration [28, 29] . In this study, an inertia weight w of 1, a particle size of 50, r were random variables in the range (0, 1), with the number of generations set to 50 were employed in the search criteria. In finding the optimal concentration of parameters of medium growth, the algebraic form of Equation (9) was used as fitness function while performing the optimization using PSO. 
RESULTS AND DISCUSSION
The predictive ability of statistical and artificial intelligence technique, such as response surface methodology (RSM), and particle swarm optimization (PSO) were tested to optimize the growth medium for the production of flexirubin production.
The PSO predicted and wet-lab experiments of flexirubin production are presented in Table 4 . As can be seen in Table 4 (No. 6), a moderate concentration of lactose, L-tryptophan and 4 2 PO KH resulted in maximum flexirubin production, and this is verified when the optimum values of nutrient concentration for flexirubin production is 501.48 mg/L, while the PSO predicted value is 487.69 mg/L. Next, comparisons were made between the optimization approaches based on predictive and sensitivity analysis, as well as on the optimization efficiency of the response variables in flexirubin production. Based on Table 4 , the optimized media concentration obtained by RSM and PSO is almost similar. In the case of predictive capability, RSM predicted 498.15 mg/L while PSO predicted flexirubin yield at 487.70 mg/L. The percentage error for RSM and PSO models in optimal yield production were 0.66% and 2.75%, respectively. As shown in Table 5 , RSM has a slightly better accuracy than PSO. It can be demonstrated by comparing their efficiencies. The accuracy for RSM and PSO were 0.9612 and 0.9578, respectively. In this case, RSM has a slightly better accuracy in predicting the yield for flexirubin production than PSO. But according to Guan and Yao [30] , 2 R should be at least 0.80 for the best fit of a model. From the analysis, PSO fits the experimental data with an excellent correlation compared to the RSM model. It can be seen from Table 5 that both models performed practically well, but PSO performed consistency better than RSM. In this study, the R 2 value of PSO was 0.9894, demonstrating that a good relationship existed between the independent and dependent variables compared to RSM 0.9820. Thus, PSO has a slightly higher significant predictive capability than RSM.
As shown in Table 5 , root mean square error (RMSE), and mean absolute percentage error (MAPE) were determined for the two techniques (RSM and PSO), where RMSE and MAPE for RSM are 14.9358 and 4.9851, respectively, while for PSO they are 13.8108 and 4.5238, respectively. This proves that PSO is a better predictor of experimental values compared to RSM. For the validation data set, the maximum error for RSM and PSO were 45.11 and 29.45, it can be seen that the percentage error for PSO were less than half of RSM. This again exemplifies the capability of PSO in predicting the accurate concentration of medium growth for optimum yield, compared to RSM. The statistical analysis, comparison of the predictive capability of the RSM and PSO models is shown in Table 5 , while the comparative plot for RSM and PSO model prediction versus experimental yield for flexirubin production is shown in Figure 5 . In conclusion, the wet-lab experiment and predicted data reveal that PSO is an alternative technique for the best yield production. Indeed, PSO is an alternative tool that provides quick optimization finding the optimize response variables on flexirubin production, compared to the traditional method (RSM).
CONCLUSION
In this paper, artificial intelligence methodologies which are PSO algorithm is compared with wellknown RSM methods. Two optimization techniques, RSM and PSO were applied for media optimization in order to enhance the flexirubin yield by C. artocarpi CECT 8497 T . The performance of the algorithms was evaluated by various statistical analyses, and the authenticity has been proven by wet lab experiment. Based on the experiment, PSO has advantages over the RSM technique. The PSO model demonstrated more accurate prediction than the RSM model. Thus, it can be concluded that artificial intelligence methodologies such as PSO, may present a better alternative for fermentation media optimization than the more widely used RSM method.
